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AHHOTaiJ,H5I 

CTaxba nocBHmeHa onbixy npeno/];aBaHHH MaxeiviaxHKH KpyjKKOBii,aM-XHMHKaM. 
IlepeKjiHKaexca c onbixoM H.C.Py 6 aHOBa h C.E.PyKinHHa. B ycjioBHax (flByx)ceMecxpoBoro 
KpyjKKa HHaeMy nejibsa Hayaaxb, ho mojkho noKasaxb CHjiy Kpacoxbi h khk Maxe- 
MaxHHecKaa Kpacoxa CBasana c (pHSHaecKOM CMbicjiOM na o/i,hom npHMepe. A ;];ajiee 
aejiOBeK caivi opneHXHpyexca. 


1 BBe^GHHe 

BajKHocTb pasBHTHa MaxeMaTHHecKOH Kyjibxypbi y cnepnajiHcxoB caMBix pasHbix oxpac- 
jiefi HecoMHeHHa. O^naKo coBpeMeHHaa niKOJia aanaoxyio npHBHBaex oxapamenne k Maxe- 
MaxHKe. B niKOJiBHOM Kypce BHHMaHHe aKpenxHpyexca na oninGKax, xom, hxo ne cjie^yex 
flejiaxB (npHMepoM neny cjiyacax OecKoneHHBie “OA3”), a caMo noHaxne MaxenaxH^e- 
CKoii cxporocxH cJiexHniHpyexca. Bee sxo ne BbisbiBaex 3Hxy3Ha3Ma y yHaipHxca h mbi 
nojiynaeM H3Bpain;eHHoe oxHomeHne k npe^Mexy - Kax k CBo^y cJiopMajiBHBix npaanji, 
npHMenaeMBix MexaHHHecKH. HMenno xaxoe oxHomeHne npexc^e Bcero h BBi3BiBaex pa3- 
roBopBi o6 “oxcyxcxBHH MaxeMaxHHecKHx cnocoGHocxefi”, b xo apeMa Kax npaxxnxa no- 
xa3BiBaex, axo ocoOeHHocxaio mhoxhx (HacxoaipHx) oxjihhhhxob aBjiaexca ne HHxejiJiexx, 
a npocxoH 3flpaBBiH cmbicji b oxHomeHHH x npe^Mexy. 06 9 xom no^^poGnee nHcajioca b 
paGoxe jT], flannaa cxaxaa c nefl nepexjiaxaexca. HaM co3ByaHBi mbicjih, HBJioaceHHBie b 
paGoxax HElEllI]. O npeoflOJieHHH B03HHKaK)in;Hx Mexo^HaecxHx npoGjieM b npopecce 
npeno^aBaHHH HH^yxpaH HanacaHo b aaMeaaxeaBHoii exaxae H. C. PyGanoBa |3]. 

IIoxpeGHOcxB B npeoflOJieHHH 3 xoro oxHomeHaa a BBi 3 Baao x acHBaa a^aaxHBaBiH xype 
MaxeMaxHKH, paapaGoxaaaBia a paMxax coxpy^aaaecxBa aaGopaxopaa MaxeMaxaxa a 
KOJIJIOH^aOH xhmhh. 


2 A^anTHBHbiH Kype MaxeiviaTHKH 

Ocaoaaaa xoaa,eaa;Ha Kypea coexoax b xom, axo xoxa a aeBOBMoacao ^axB cxoaB-aaGy^B 
cacxeMaxHaecxae aaaaaa b paMxax ceMeexpoaoro ajia ^ajxe ^ByxeeMeexpoBoro xypea, 
ao MOJxao apeo^ojiexB nixojiaaoe oxaoaieaae x ape;];Mexy a BBipaGoxaxB apaBajiaaoe, 
aoBepayxB coaaaaae yaan^eroca. TaxaM oGpaaoM, pejiaMa a aa^aaaMa xypea aBjiaioxca: 

• apeoflojieaae 4)opMajiH3Ma b oxaonieaaH x MaxeMaxaxe a apaBaeaeaae 3flpaBoro 
CMBicaa yaan];eroca k ape^Mexy. 
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• noKaa cbhsh Meac^y MaxeMaTHHecKHM h cJiHSHHecKHM cMticjiaMH. y^eKHK ^ojiacen 
noHHMaxb, Hxo nanncaB MaxeMaxH^ecKyio cJiopMyjiy, oh c^ejiaji neKoxopyio 4)H3h- 
HecKyio THHoxeay, h na^o hohhxb, KaKyio HMenno. 

• pasBHXHe ocxexHHecKoro nyacxBa yHan^nxcH h oGmefi KyjiBxypBi. 

• coo6n];eHHe ynan^HMCH SHaHHH, no^epjKHBaiomHX xypc Ko.TT.TTOH ,n HOH xhmhh. (xeo- 
pHH BepoHXHocxefi, noHHXHe HHxerpajia h nponsBo^Hofi h x.^.) 

• npnyHHXB ynan^HXCH k cJiHSHHecKOMy ypoBHio cxporocxH b MaxeMaxHHecKHX pac- 
CyJK^eHHHX. 

2.1 OcHOBHbie cpe^cTBa pemeHHa 3thx 

• Hepea pasGop npHMepoB, HMeiomHx HecoMHennoe npHKjia^Hoe aHaneHne ^jih yname- 
rocH fleMOHcxpnpoBaxB cBJiaB Mexc^y cJinaHHecKHM h MaxeMaxHHecKHM cMBicjiaMH. 

• HcxopHHecKHH paccKaa o6 naoGpexeHHH neKoxopBix MaxeMaxHHecKHx hohhxhh “npax- 
XHKaMH”. ripH 3XOM aKpeHXHpyeXCH BHHMaHHe Ha 4)HaHHeCKOM ypOBHe cxporocxH 
paccyjK^eHHH h npoxHBonocxaBjieHHH ero niKOJiBHOMy cxhjho. (HanpHMep, paccKaa 
o6 HaoGpexeHHH jiorapHcJiMOB.) 

• paccKaa scxexHHecKH anaHHMBix cioHcexoB, HMeion^Hx oGmeKyjiBxypnoe h o6n];e4)H- 
jiocoBCKoe aHaneHHe (HanpHMep, jioxHHecKHe napa^oKCBi). 

2.2 CnncoK ochobhbix tgm, KOToptie HHTajiHCb b pasHoe BpeMa 

• JloxHHecKHe napa^oKCBi (2 naca). 

• IloHHXHH cKopocmu H npou36odHou (4 Haca). 

• ripope^ypa HHxerpnpoBaHHH (4 naca). 

• IloHHXHe riAomHocmu (2 naca). 

• HcxopHH coa^aHHH jiorapHcJiMOB (4 naca). 

• TexHHKa cHexa npe^ejioB (4 naca). 

• TexHHKa ^HcJicJiepeHpHpoBaHHH (4 naca). 

• KoM6HHaxopHKa (4 naca). 

• IIoHHXHe eeponmnocmu (2 naca). 

• BHHOMHajiBHoe pacnpe^ejieHHe (2 naca). 

• FeoMexpHHecKHe BepoHXHocxH (2 naca). 

• IlyaccoHOBCKoe pacnpe^ejieHHe (2 naca). 

• CjiyHaHHBie GjiyjK^aHHH. MaxoncH^aHHe h ^HcnepcHH (4 naca). 

• OpeHKa CKopocxH flHcJicJiyaHH (2 naca). 
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• O FayccoBOM pacnpe^ejieHHH (2 naca). 

• Pacnpe^ejieHHe MaKCBejiJia (2 naca). 

• OpeHKa cKopocTH xHMHHecKHx peaKpHH (2 Haca). 


3 3aKjiK)HeHHe 

Coxpy^HHHecTBo jia 6 opaTopHH ^HTTM npo^ojiJKajiocB 6 ojiee 8 jiex, BejiHCB coBMecxHBie 
KpyjKKH, Ha OCHOBaHHH OHBIXa KOXOpBIX H B 03 HHKJia flaHHaH CXaXBH (r. O. niHafi^ep 
flojirne xo^bi pa 6 oxaji saBe^yiomHM jia 6 opaxopHH kojijioh^hoh xhmhh). 3a BpeMH pa 6 o- 
xBi Gbijih flocxHXHyxBi onpe^ejieHHBie ycnexH. HeKoxopnie KpyxcKOBpBi - xhmhkh aaHHjiH 
ripH 30 BBie Mecxa na MaxeMaxHHecKHx h (|)H 3 HHecKHx ojiHMHHa^ax (pafloHHaH, ropoflCKaa, 
MejK^yHapo;];HBiH xypnnp ropo^oB), MaxeMaxHHecKHe ^OKjia^Bi ynan^nxcH Gbijih oxMene- 
Hbi npeMHHMH Ha KOH(|)epeHH,HHx “IIohck” h Ha MeHyri;yHapo;],HOH KOHcJiepeHpHH naMHXH 
HnaceBCKoro (x.OGhhhck). (/I,oKjiaflBi yHan^nxcH Gbijih nocBHmeHBi opeHKaM cKopocxH 
xHMHHecKHx peaKpHH H pacHpeflejicHHio MaKCBejiJia. Cm., HanpHMep, j2]) Oxmbxhm, hxo 
ycnex na ojiHMHHa^e hjih na KOHcJiepeHpHH can no ce 6 e, HHKor^a ne 6 biji Hamefi ochob- 
Hoii pejiBK). 3 x 0 jihhib cjie^cxBHe H 3 MeHHBmerocH oxHomeHHH k npe^Mexy. B ^ajiBHefimeM 
npe^HOJiarajiocB npo^ojixcHXB pa 6 oxy b paMKax coBMecxHoro npoexxa xpex jia 6 opaxopHH 
(MaxeMaXHKH, KOJIJIOH^HOH xhmhh, BBIHHCJIHXejIBHOii XOXHHKh). IIpoeKX HOCBHmeH npo- 
6 jieMe pa 3 flejieHHH sMyjiBCHH h mojkox hmoxb Henocpe^cxBeHHoe Hapo^oxoBHiicxBeHHoe 
3HaHeHHe. 


4 npHjio:aceHHe. OpeHKH CKopocTH xhmhhgckhx peaK- 
ij,HH H pacnpe^ejiGHHe MaKCBejijia-Bojibii;MaHa 

BBe^eHHe. /I,aBaHxe y^HBHMCH. Kor^a xeMnepaxypa y nejioBeKa 38 rpa^ycoB oh nyBcxBy- 
ex ceGn cobcom no-^pyroMy hom Kor^a 37. Ho b aGcojiioxHOM BBipaHceHHH oxo 311 hjih 310 
rpa^ycoB KejiBBHHa, x.e. cpe^HHH oHepxHH MOJieKyjiBi oxjiHHaexcH na 0.3%. OxKy^a xa- 
Koe 3HaHeHHe xaKofi HeBHaHHxejiBHoii BejiHHHHBi? Hxo6bi sxo hohhxb, na^o pa3o6paxBCH 
c pacnpe^ejieHHeM MOJieKyji no cKopocxHM. XHMHnecKHe peaKpHH oOecnenHBaioxcH 6bicx- 
pwMH nacxHpaMH h 0Ka3BiBaexcH, KOJiHnecxBo OnicxpBix naoxHii; H3MeHHxcH 3aMexHo, ho 
KaK HMCHHo - 3X0 xoMa flaHHoxo Kypca. 

1. HxoGbi pa3o6paxbC5i, KaK pacnpe^ejieHBi MOJieKyjiBi no cKopocxaM, nyjKHa koh- 
TieH TT HH nAomnocmu eeposimHocmu, bo^b BepoaxHocxB xoro, hxo CKopocxB hmchho xanan 
paBHa HyjHo! OGcync^aeM KonpenpHH nAomnocmu, a xaKxce nAomnocmu eepoAmnocmu. 

2. HocxyjiaxBi MaKCBejuia: 1) Hjioxhocxb BeponxHocxH ne 3aBHCHx ox HanpaBjieHHH 
BOKXOpa CKOpOCXH (HBOXpOHHOCXB HpOCXpaHCXBa). 2) KoMHOHeHXBI CKOpOCXCH {Vx,Vy,Vz) 
pacnpe^ejieHBi He3aBHCHMo. OGcyjK^aexcn no^^poGno nonaxHe nesaeucuMocmu co6umuu 
flJIH KJiaCCHHeCKHX BepOHXHOCXeH H flJIH HJIOXHOCXefl. 

OopMyjiHpyexcH Hxor: = F{V) = (p{V^)(p{Vy)(l){V^) = + Vy + V^). O6o- 

3HaHHM a = , b = Vy, c = v^. HMeeM: 

(p(a + b + c) = 0(a)0(6)0(c), ln((p(a + b + c)) = ln(0(a)) + ln(0(6)) + ln(0(c)) 

npH jhoGbix a, b, c. PemaeM cJiynKpHonajiBHoe ypaBHenne. Honyxno oGcync^aeM hohh- 
xHe ^yHKVfUU KaK saKona coomeemcmeuA, KoxopBifi nyjKHo naiixH (ncxopHnecKH noHHxne 
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tfiyHKVfUU B03HHKJI0, Kor^a noTpeGoBajiocb peniHXB cJiyHKpHOHajiBHoe ypaBHenne, x.e. h 3 
MHOJKeCXBa 3aKOHOB COOXBeXCXBHH BBl6paXB O^HH npaBHJIBHBIH. 

B Hxore HMeeM; F{V) = Ci exp((721^^). 

3. Haxo;];HM KOHcxanxBi Ci,C2- fp-F(V) = 1, x.e. 



C2 exp(CiV^)dV^ exp(CiV^^)dVy exp(CiV^^)dV, 
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IIoHJixHe uHmeepaAa. Kax H 3 BecxHo, BafiKaji co 3 flaH ^jih nyjK^ n;ejiJiiojio 3 Ho- 6 yMa>KHoro 
KOMGnHaxa. Cjie^yex onpe^ejinxB 3 anacBi npecxHofi bo^bi b o 3 epe. IlycxB oho 3 aMep 3 - 
jio. Pa 3 o 6 eM noBepxHocxB o 3 epa na npHMoyrojiBHHHKH co cxopoHBMH dx h dy. BypoBaa 
ycxanoBKa ^ejiaex npHMoyrojiBHoe oxBepcxne, h jiB^a ^ocxaexcH h{x,y)dxdy h 3 Ka*- 
floro cxojiGHKa. OGmHH 3 anac bo^bi paBen Yli(xy) h{x,y)dxdy. IIpH y^jiHHeHHH Bnaxa S 
(Summa onium) nojiyHaexcH HHxerpaji. HepecBixaex ApajiBCKoe Mope. ypoBOHB yMOHB- 
niHjicH Ha dh, a njioma^B noBepxHocxH S{h). 06 x.eM bbicoxhioh bo^bi paBen S{h)dh, a 
oGupaii o 6 x.eM f^S{h)dh = f f h{x,y)dxdy. Hnxerpaji ox hjioxhocxh. BonpocBi cxo^hmo- 
cxH HXHopnpyioxcH pa^H narjiH^HocxH. HHxerpaji ox hjioxhocxh ecxB Macca. IIpHBOflHxcH 
npHMepBi. 

HHxerpaji Faycca. J = iz ^ e ^ dx = i/tt. Tor^a 



/],ByMH cHocoGaMH BBiHHCJiHexcH Hiioipa^B HOfl HOBepxHocxBK) . C o;];hoh 

cxopoHBi 3X0 J^, (pa36HBaeM Ha cjioh b^ojib och (ox), c ^pyrofi cxopoHBi 3 x 0 J 27 rre~^ dr 
B cHjiy paBGneHHH na pnjiHH^pHHecKHe cjioh. 

B Hxore hmccm = tt hjih J = y/n. /],0Ka3BiBaeM hxo Ci = —C < 0, C 2 = 

H3 paBCHcxBa e^HHHpe HHxerpajia ox hjioxhocxh bcpohxhocxh. Hxax, 

F{y) = 


3. Onpe^ejiHCM KOHcxanxy C hcxo^^h h 3 cpe^^Hen onepxHH HacxnpBi, Koxopaa panna 
meMnepamype. 3HeprHH nacxHpBi co CKopocxBio V panna mV‘^/2 a cpe^HHH onepxHH 
paBHa 

m f V^l2{Cl7rf/^e-^^'dVxdVydV, = m [ {V^+ V^+ V^)/2{CdVxdVydV, = 
Jv Jv 

/ CO POO POO 

V^e-^^^dVx / e-^^vdVy / e-^^^dV,= 

■00 J —00 J —00 

= m^Cj^ r V^e-^^'dVx = = 3/2kT 

J —00 ^ 

OxKy^a C = m/kT. 

4. HcnojiB30BaHHe cbohcxb pacnpe^ejieHHH. BpeMH npoGera MOJiexyjiBi - nopn^Ka na- 
HocexyH^Bi, ecjiH HyjKHOH oHeprneH oGjia^aiox 10“® Mojiexyji, xo peaxpHa npoxopnx 3 a 
BpeMH Hopnpxa cexynpBi. Ecjih >xe HyjxHOH oHeprneH oGjiapaiox 10“^^ Mojiexyji (ecjiH 
e~^ = 10“^^, xo A 30 xo peaxpHH npoxopnx 3 a BpeMH nopnpxa 1000 cexynp. B 3xom 
cjiynae jierxo noxa3axB, hxo np h yBejiHHCHHH cpepneH onepxHH na 0.3% xojihhccxbo 
HacxHH, c HyjxHOH oHeprneH B03pacxex BecBMa 3HaHHxejiBHo, npHMepno na 10%. 

5 . Ho xopy pejia Moryx oOcyjxpaxBCH cjiyHaHHBie GjiyjxpaHHH, opeHHBaxBCH pjiHHa 
npoOera B 3 aBHCHMOCXH ox pHcJxJiyBHH H X.p. B 3 aBHCHMOCXH ox BpeMCHH H CHJIBI mXOJIB- 
HHXOB. 


4 



CnHCOK jiHTepaTypbi 

[1] EejioB AjieKceH ^KOBjieBHH, PoMan Rbhh, npo6AeMu odapennocmu u cmaduuHocmt> 
MameMamuHecKozo o6yHeHusi, MaxeMaTHnecKoe oGpaaoBaHHe, 3:1, 5lHBapb-MapT 
(2010), 2-5, Engl, transl. A.Kanel-Belov, R. Yavich (2012) Staging of Mathematical 
Education ,// Athens Institute for Education and Research// ATINER’s Conference 
Paper Series MAT2012-0176// Athens, Greece, June 2012, pp 5-9 // ISSN 2241- 
2891, http;//www.atiner.gr/papers/MAT2012-0176.pd 

[2] A. K. KyjibiFHH (PyK. Bejion A. 51.) PacnpedcACHue MaKcecAAa. IIohck - 93, Maxe- 
pnajiBi KOHcJiepeHpHH, 4)H3HKa, MaxeMaxnna, acxponoMnn, okojioxhh, 1993, MocKBa, 
AHTTM, exp. 23-29 

[3] PyOanoB H. C. Kan odyuamu Mcmody MamcMamuHCCKou undynyun ? MaxenaxHua 
B niKojie. - Nl, 1996, exp. 14-20. 

[4] PyKuiHH C. E. MaKCHMOB /f. B. Cmpyxmypa unmyuyuu y emydenmoe- 
MamcMamuKoe u ee uenoAhsoeanue e pemenuu sadau. HeKoxoptie anxyajinnwe 
npodjieMBi coBpeMeHHoii MaxeMaxHKH n MaxeMaxnnecKoro odpaaoBanna. - Clld.; 
BAH, 2005, c.152-158. 

[5] PyKuiHH C. E. MaKCHMOB ff. B. CpaenumcAhHuu anaAua pasAuunux acnenmoe 
npoyecca pevacHUA sadau kuk ModcAU MamcMamuHCCKoao meopueemea - II PP- 
ny HM. Peppena, neKoxopnie anxyajinnwe npodjieMbi coapeMenHon MaxeMaxHKH n 
MaxeM. odpaaoBannu, Maxep. naynn. koh(|). PeppenoBCK. nxennu, LIX 16-21 anpe- 
jiH 2007, CHB 2007, exp. 239-245 

[ 6 ] PyKuiHH C. E. MaKCHMOB ff. B. CpaenumcAhHuu anaAua pasAuunux acnenmoe npo- 
yecca peiucHUA sadau kuk ModcAU MamcMamuHccKozo meopueemea -- I PPHY hm. 
Peppena, neKoxopnie anxyajibnuie npodjieMBi coapeMenHon MaxeMaxHKH h MaxeM. 
odpaaoBaHHH, Maxep. naynn. KOH(j3. PeppenoBCK. HxeHHH,LX 17-22 anpejia 2007, 
CHB 2006, exp. 168-172 

[7] PyKuiHH C. E. MaKCHMOB ff. B. CpaenumcAhHuu anaAue pasAuunux acnenmoe npo- 
yecca peuienuA eadau kuk ModcAU MameMamuuecKozo meopueemea -- III PPHY 
HM. Peppena, neKoxopbie anxyajianaie npodjieMbi coBpeMeHHofl MaxeMaxHKH h Ma¬ 
xeM. odpaaoBaHHH, Maxep. naynn. kohcJ). PeppenoBCK. nxenna, LXII 13-18 anpejia 
2009, CHB 2009, exp. 196-199 


5 



